scans were obtained in all patients. We performed MR imaging when it was difficult to diagnose an intracranial abscess based on CT findings alone.
Small acute and subacute stage brain abscesses (defined as Ͻ 2.5 cm in mean diameter) without consciousness disturbance were treated using antibiotics alone. The diameter of the abscess was defined as the mean maximum diameter in length, width, and height on CT or MR images. Indications for surgery were neuroimaging demonstration of intracranial large brain abscess formation in capsule stage, presence of significant mass effect, high intracranial pressure, proximity to ventricles and possibility of ventricular rupture, posttraumatic abscesses containing foreign bodies or contaminated bone fragments, poor response to medical treatment, deterioration in neurological status, or enlargement of abscess volume during medical treatment. In addition, patients underwent surgery when the diagnosis was in question or when pathological confirmations were not available.
Medical Regimen
Antibiotic therapy was instituted after culture material had been obtained during surgery. Initial empirical antimicrobial therapies were selected in accordance with the portal of entry and the anatomical location of the abscess. The antibiotics were changed to more appropriate ones as soon as the results of sensitivity tests were available. Antibiotic therapy was continued for Ն 6 weeks in accordance with the therapeutic response and neuroimaging findings. Infectious disease specialists regularly supervised this treatment.
High-dose corticosteroid therapy (intravenous dexamethasone, given in a dosage of 8 mg/6 hours) was commenced initially in patients with life-threatening cerebral edema or impending cerebral herniation and was then tapered off after stabilization of the patient's condition. In addition to the steroids, H2 antagonists were given. Seizure prophylaxis or antiepileptic medication was given in all cases and continued for extended periods.
Surgical Procedures and Follow-Up Examinations
Patients underwent aspiration via a bur hole, CT-guided stereotactic aspiration, or complete excision via craniotomy or craniectomy. Most patients underwent aspiration via a bur hole. Patients with small deep-seated (brainstem) abscesses, multiple abscesses, and abscesses located in eloquent areas of the brain where freehand aspiration or excision would be inappropriate underwent CT-guided stereotactic aspiration. After aspiration, CT or MR imaging was performed almost weekly until the abscess and/or edema reduced or if new symptoms developed or symptoms worsened. To evaluate abscess size after aspiration, CT or MR imaging was performed ~ 24 hours after aspiration. If the size of the abscess on CT or MR images obtained after the first aspiration increased or was not reduced despite antibiotic therapy, aspiration was repeated (Fig. 1) . Patients with poor response to repetitive aspirations and medical treatment underwent complete excision of abscesses through craniotomy or craniectomy. Posttraumatic abscesses containing foreign bodies or contaminated retained bone fragments, deep-seated abscesses (for example, a cerebellar abscess), and postoperative abscesses where bur hole aspiration would hinder the fusion of bone flap also underwent complete abscess excision through craniotomy or craniectomy (Fig. 2 ).
All patients were followed up regularly at intervals of 1, 2, 3, 6, and 12 months. Routine CT or MR imaging was performed at these time intervals; white and red blood cell counts, the erythrocyte sedimentation rate, C-reactive protein, and liver function values were also monitored. The surgical outcomes were assessed in all patients according to the mRS criteria.
Statistical Analysis
Statistical calculations were performed using the H. Çavuşoglu et al. GraphPad Prism V.3 program for Windows. Besides standard descriptive statistical calculations (mean Ϯ standard deviation), one-way analysis of variance was used in the comparison of groups, the post hoc Newman-Keuls multiple comparison test was used to compare subgroups, and the chi-square test was performed during the evaluation of qualitative data. Statistical significance was established at a probability value Ͻ 0.05.
Results
The average follow-up duration was 13 months (range 7-19 months). There were 36 male (71%) and 15 female (29%) patients, ranging in age from 14 months to 58 years (median 29 years) at the time of diagnosis. At the time of admission, 40 patients complained of headaches and 27 had nausea and vomiting. Twenty-two patients had fever or signs of meningeal irritation, and neurological deficits were present in 20. Thirty-one patients were alert, and 20 patients were somnolent or confused at admission. Eleven patients presented with epilepsy. The mean duration of symptoms was 5 days (range 2-9 days).
Laboratory data had little diagnostic or prognostic value. Twenty-one patients had an elevated peripheral white blood cell count, all with a predominant leukocytosis. Thirty-one patients had adjacent localized cranial infection, COM, paranasal sinusitis, or tooth abscess as a predisposing factor. Ten patients had pulmonary or heart disease. Six patients had posttraumatic or postoperative abscesses. Four patients had no identifiable predisposing cause.
The temporoparietal region was the most common location in 12 patients. The diameter of abscesses on CT or MR imaging ranged from 2.5 to 6.6 cm (mean 4.9 cm) before the first operation. Three patients (Cases 14, 30, and 49) had multiple brain abscesses.
Ten patients underwent complete excision of their abscesses with craniotomy or craniectomy as the primary surgery. Nine patients underwent stereotactic aspiration of their abscesses. The remaining 32 patients underwent aspiration via a single bur hole. Thirty patients underwent repeated aspiration 2 or 3 times. Repeated aspiration was performed because of abscess enlargement or failure to reduce the abscess despite antibiotic therapy after the first aspiration. The diameter of the abscesses ranged from 3.7 to 5.3 cm (mean 4.6 cm) on CT or MR images before the last aspiration and was reduced to 1.7-3.4 cm (mean 2.5 cm) after the last aspiration. The interval from the first aspiration to the last aspiration ranged from 5 to 23 days. The neurological condition of all patients except those in Cases 8, 28, and 42 improved as the size of the abscesses decreased. The conditions of patients in Cases 8, 28, and 42 deteriorated progressively; the CT scans showed that cerebral edema had significantly increased around the abscess, although the size of the abscesses had decreased after aspiration in Cases 8 and 28. The patients were treated with corticosteroids (dexamethasone), but poor responses were obtained. Poor response to repetitive aspirations and medical treatment were obtained in the patient in Case 42. Thus, patients underwent complete excision of abscesses with craniotomy or craniectomy.
In addition, 8 patients received corticosteroids to reduce brain edema and mass effect during treatment. Perifocal edema did not change remarkably within 1 week after the last aspiration in these patients. Edema in 5 of these patients moderately decreased within 2 weeks after the last aspiration, concurrent with a decrease in the volume of the abscess, but in 3 patients it persisted for 3 weeks before moderate decrease.
Three patients with hydrocephalus and 1 with intraventricular abscess on admission underwent external ventricular drainage. The mean duration of drainage was 5 days. A ventriculoperitoneal shunt was not required in any of these patients.
Streptococcus (in 18 patients) and Staphylococcus (in 9 patients) species were isolated most frequently. In 13 patients, no organisms could be cultured. Only 1 patient had Ͼ 1 organism isolated from the abscess aspirate. The antibiotics were changed to more appropriate ones according to the results of sensitivity tests in 6 patients. Antibiotic therapy was continued for 6-13 weeks in all patients. We did not identify any statistically significiant difference between causative organisms and clinical outcome (p Ͼ 0.05). The responses to the initial empiricial antibiotic ther-
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Combined surgical and medical management of brain abscesses apy were sufficient in 13 patients although no organisms could be cultured, and the antibiotics were not changed. Assessment of the overall 1-year clinical outcome proved favorable (mRS Score 0-2) in 76.5% of patients (39 of 51 patients). A poor outcome defined as an mRS score > 2 occurred in 12 patients (23.5%). Our series showed that the initial neurological condition is strongly correlated with the clinical outcome (p Ͻ 0.001). Four patients (3 of them with a postoperative mRS score of 3 had a preoperative mRS score of 4) had moderate residual disability, and 3 patients had severe residual neurological deficit. Five (9.8%) of the 51 patients died; 3 of these patients were admitted after exhibiting a response to painful stimuli only and suffered transtentorial herniation preoperatively. The remaining 2 patients died of meningitis and diffuse cerebritis. The duration of symptoms was Ͼ 7 days in this subgroup. One patient had a history of intravenous drug abuse, 1 was immunosuppressed secondary to chemotherapy for lymphoma, 1 had posttrumatic abscess, and 2 had diabetes. In addition 2 of them were undergoing antibiotic therapy due to meningitis secondary to chronic otitis media. In the follow-up period of 7-19 months, none of the patients who survived showed clinical or neuroimaging signs of recurrence. Table 1 summarizes the clinical status on admission, the abscess site, predisposing factors, surgical techniques, organism culture, antibiotic therapy, duration of antibiotic therapy, mean diameter of brain abscess on images before and after the last aspirations, and the neurological outcome for our series of patients.
Discussion
Regarding the portal of entry, brain abscess is almost always secondary to a focus of suppuration elsewhere in the body and may develop either by spread from a contiguous focus of infection, after neurosurgery or head trauma, or by hematogenous spread from a distant focus. 20, 22 The location and predisposing condition of the abscess provide clues to the possible cause. Brain abscesses related to direct spread from sinus or odontogenic foci tend to be frontal and are caused by aerobic or anaerobic streptococci (including Streptococcus milleri), Enterobacteriaceae, Staphylococcus aureus, and anaerobes. An abscess secondary to otic infection is usually temporal or cerebellar, with mixed flora including anaerobes and streptococci (aerobic and anaerobic), Enterobacteriaceae, and Pseudomonas aeruginosa. Posttraumatic brain abscess is commonly due to S. aureus, streptococci, or Enterobacteriaceae. Hematogenous spread from a distant focus usually causes multiple monomicrobial abscesses in the distribution of the middle cerebral artery. Haemophilus aphrophilus is relatively common with cyanotic congenital heart disease, whereas S. aureus or streptococci are major causes in abscesses from endocarditis or prolonged bacteremia. 16, 23 The management of brain abscesses aims to reduce the space-occupying activity, reduce the intracranial pressure, and eradicate the pathogenic microorganism. The anatomical location, number and size of abscesses, stage of abscess formation, age and neurological status of the patient can influence the strategy for managing brain abscess.
In carefully selected patients (illness duration Ͻ 2 weeks), medical therapy alone can be successful if the fol-
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Combined surgical and medical management of brain abscesses lowing conditions are met: 1) the causative agent is known with a reasonably high certainty as a result of positive cultures from cerebrospinal fluid or drainage from the ear or sinuses; 2) the patient is neurologically intact; 3) there are no signs of increased intracranial pressure; and 4) the abscess is Ͻ 3 cm in diameter. Medical treatment has been successful with abscesses Ͻ 2.0, 9 2.5, 8,13 or 2.0-3.0 cm 15 in diameter in a few highly selected patients. An algorithm for the treatment of brain abscess has indicated that antibiotics can be used as the sole treatment for lesions Ͻ 1.5 cm in a neurologically intact patient with a clear source of infection in a solitary brain abscess, or for lesions Ͻ 2.5 cm if initial treatment of multiple abscesses has identified the causative organism. 5 Nevertheless, surgical drainage followed by antimicrobial therapy is the treatment of choice for most brain abscesses. Although medical treatment is facilitated by the availability of CT and MR imaging, the chance of success is maximized when the causative agent is known and antimicrobial therapy is targeted. If abscesses were Ͻ 2.5 cm in diameter or did not cause mass effect, we prefered CT-guided stereotactic aspiration for purposes of diagnosis and antibiotic selection. If another source of infection had been clearly identified, the therapy for brain lesions was empirically based on the culture results from those other sources. If the patient's neurological condition deteriorated or an increase in abscess size was noted at any time or if 2 weeks of antibiotics failed to shrink these lesions, aspiration for diagnostic purposes was performed.
Surgical treatment can involve either aspiration or excision of the abscess. The choice of procedure has been the subject of much debate. 1, 17, 22 The advantages of aspiration are that it is simple, it can be used in the cerebritis stage, and it has less potential morbidity than surgical trauma. On the other hand, several reports have advocated excision as the procedure of choice because it is often followed by a lower incidence of recurrence and shorter hospitalization. 1, 17, 22 All abscesses Ͼ 2.5 cm in diameter or that caused significant mass effect were either excised or, preferably, aspirated. Exceptions to this included abscesses that were in an early cerebritis phase and were therefore much more likely to respond to antibiotic therapy alone. 6 The cerebritis phase refers to abscesses in an early stage of formation in which there is inward migration of leukocytes and significant secondary edema but no well-formed fibrous capsule. These abscesses are usually seen in the first 0-9 days of development, 4, 10, 19 and because they are not encapsulated, antibiotic therapy is more likely to provide adequate therapy without surgery. 6, 13, 14 In such cases, the abscess would only be aspirated for diagnosis and organism identification.
The choice of surgical approach is not critical and should be dictated by surgeon preference and the ability of the patient to tolerate each type of surgical procedure. We found that stereotactic aspiration is most useful for deepseated lesions or multiple hemispheric abscesses, whereas we preferred craniectomy with aspiration or excision for posterior fossa abscesses. Excision was also reserved for posttraumatic and postoperative abscesses or reaccumulation of fluid. Most of the patients in this series were treated using aspiration via a single bur hole and had a favorable outcome (p Ͻ 0.05). Authors of most studies have found that 2 or 3 aspiration procedures are generally sufficient. 3, 12, 18, 21 In our series, repeated aspiration was undertaken either when the size and mass effect of the abscesses were not decreased on control CT or MR imaging after the first aspiration or when there was enlargement of the abscess despite antibiotic therapy. Thirty of the 32 patients required repeated aspiration of abscesses, 2 to 3 times in most patients. In our series, the diameter of the abscesses ranged from 3.7 to 5.3 cm (mean 4.6 cm) on CT or MR imaging before the last aspiration and was reduced to 1.7-3.4 cm (mean 2.5 cm) after the last aspiration. The interval from the first aspiration to the last aspiration ranged from 5 to 23 days. Abscesses could be successfully treated by antibiotics alone without further aspiration after the diameter was reduced to 1.7-3.4 cm (mean 2.5 cm). Organisms possibly remain viable in the pus in abscesses of certain sizes despite lethal levels of antibiotics, and surgical drainage is required.
2,3 Postoperatively, we performed neuroimaging weekly or at any sign of clinical deterioration. This interval is recommended based on the experience of Mampalam and Rosenblum, 9 who reported on 102 patients with brain abscesses monitored using weekly CT scanning. For those patients, a significant decrease in abscess size was identified at a mean of 2.1 weeks after the initiation of therapy. If there is either an enlargement of an abscess after a 2-week interval or after clinical deterioration or a failure of an abscess to diminish in size after 3-4 weeks of antibiotics, further surgical drainage is recommended.
Antibiotics were not started until purulent material had been sent for Gram staining and culture for both aerobic and anaerobic bacterial organisms. Staining and culturing of fungal organisms were also performed. The choice of initial antimicrobial therapy depends on the suspected pathogen(s) and ability of antibiotics to penetrate the brain tissue and abscess cavity. For brain abscesses associated with sinusitis, mastoiditis, or otitis, a third generation cephalosporin plus metronidazole is recommended. With the increasing prevalence of methicillin-resistant S. aureus and Staphylococcus epidermidis, vancomycin should be added to a third-generation cephalosporin (possibly with metronidazole) in cases associated with penetrating head trauma, ventriculoperitoneal shunts, or endocarditis. In our series, most patients were treated with cephalosporin and metronidazole while awaiting the bacteriological results, and the regimens were promptly changed to a more suitable choice based on the results of culture and antibiotic sensitivity testing. Antibiotic therapy alone produced satisfactory results when the diameter of abscess became Ͻ 2-3 cm and the size did not increase on control CT or MR images. Antibiotic therapy also reduced perifocal edema within 3 weeks of the last aspiration, with a concomitant decrease in the volume of the abscess. No abscess recurrence was noted in patients who underwent excision with open surgery. Using this systematic approach, we have observed a mortality rate of 9.8% in patients with intracranial abscesses.
Conclusions
The surgical technique of choice for intracranial abscess should be specific to each patient. A combination of surgical aspiration or removal of all abscesses Ͼ 2.5 cm in diameter, a 6-week or longer course of intravenous antibiotics, and weekly CT or MR imaging should result in a cure rate of Ͼ 90%. It is important to observe the patient carefully by CT or MR imaging until the abscess has completely resolved. If any abscess enlarges after 2 weeks of antibiotics or fails to resolve after 3-4 weeks of antibiotics, further surgical aspiration or excision should be performed.
